Objective: To evaluate clear corneal wound infections after phacoemulsification.
the isolated microorganisms were resistant to the perioperative prophylactic antibiotics (fluoroquinolones and tobramycin) that were used. No possible risk factors were noted except use of topical steroids 4 times a day without antibiotic coverage for iritis before referral in one of our patients. Six of these 7 wound infections healed with topical antibiotic therapy. One of the patients required lamellar keratectomy and conjunctival flap for complete healing. In 4 of the 7 cases, best-corrected visual acuity at the last follow-up visit was better than 20/40.
Conclusions:
Clear corneal wound infection after phacoemulsification is a serious complication of cataract surgery. Infections are caused by gram-positive organisms sensitive to bacitracin and the combination of trimethoprim-sulfamethoxazole but often resistant to aminoglycosides and/or fluoroquinolones.
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W OUND infection after cataract extraction is a rare complication. There is little published data on corneoscleral wound infections after extracapsular cataract extraction and no data are available on clear corneal wound infections after phacoemulsification. [1] [2] [3] [4] [5] [6] In this article, we report 7 cases of clear corneal wound infections after phacoemulsification.
RESULTS
There were 5 female and 2 male patients in the study. The median age of the patients at the time of surgery was 78 years (age range, 55-86 years) ( Table 1) . The median onset of signs and symptoms after surgery was 10 days (range, 4-60 days).
Wound infections at the sutureless clear corneal cataract incisions were located superiorly in 3 patients (cases 1, 5, and 6) and temporally in 4 patients. There was associated hypopyon in 5 (cases 1 and 3 through 6) of the 7 patients. An epithelial defect overlying the infectious infiltrate was present in all of the corneas except patients 3 and 6 ( Figure) . At presentation, in addition to the wound infection, 2 patients had endophthalmitis (cases 1 and 5), and 1 patient had endophthalmitis and scleritis (case 6). In 2 patients (cases 3 and 4), the hypopyon was thought to be a sterile reaction to the corneal infection. For patient 1, pars plana vitrectomy and a vitreous biopsy were performed and intravitreal injections of amikacin sulfate, vancomycin hydrochloride, and dexamethasone sodium phosphate were administered. For patients 5 and 6, anterior chamber and vitreous taps were performed and intravitreal injections of amikacin, vancomycin, and dexamethasone were administered. Vitreous cultures yielded no microorganisms in all 3 of these cases. Anterior chamber cultures yielded no microorganisms in case 5 and yielded methicillin-resistant Staphylococcus aureus in case 6. Corneal cultures were obtained in all patients except cases 1 and 5 because they were treated with fortified antibiotics for endophthalmitis prior to referral. Corneal cultures yielded methicillin-resistant S aureus in 2 eyes, Streptococcus pneumoniae in 1 eye, and Staphylococcus epidermidis in 1 eye. Cultures yielded no microorganisms in 1 eye.
CLINICAL SCIENCES
All 7 cataract surgeons replied to the questionnaire regarding their phacoemulsification practices. They all denied a possible break in the aseptic technique with their patient and reported that the surgery was uncomplicated. Preoperative 0.3% ciprofloxacin hydrochloride was used prophylactically in 5 of the 7 eyes. None of them reported use of antibiotics in the irrigation fluid. Five surgeons used topical povidine-iodine solution on the conjunctival surface just before incision, 1 surgeon used postoperative subconjunctival injections of gentamicin sulfate and betamethasone sodium phosphate, and 1 surgeon used a collagen shield soaked in a combination of 0.3% ciprofloxacin and 1% prednisolone acetate for prophylaxis. Overnight postoperative patching was reported in 4 of the 7 patients.
Postoperative prophylactic antibiotic drops were used in all patients. The antibiotics that were used were 0.3% ciprofloxacin in 3, 0.3% tobramycin sulfate in 2, a combination of 0.3% ciprofloxacin and 0.3% tobramycin in 1, and 0.3% ofloxacin in 1 patient. In 3 of the 4 culturepositive cases, the isolated bacteria were resistant to the prophylactic antibiotics used (fluoroquinolones and tobramycin) ( Table 2 ). Postoperative steroids (1% prednisolone, 0.1% dexamethasone) were used in all 7 patients. In 3 of the 7 patients, postoperative topical nonsteroidal anti-inflammatory drugs (0.1% diclofenac sodium and 0.5% ketorolac tromethamine) were also used.
No history of concomitant ocular disease except cornea guttata in 2 patients was noted. There was no longterm use of topical eye medications. None of the patients had diagnoses of diabetes mellitus, immunocompromise, preoperative external ocular infections, eyelid 
MATERIALS AND METHODS
In this retrospective case series, we analyzed the medical records of 7 patients who were referred to the Cornea Service at Wills Eye Hospital, Philadelphia, Pa, with clear corneal wound infection after sutureless phacoemulsification. The patients were seen from January 1, 1994, to August 1, 2000. Information that was reviewed included patient age, sex, onset of signs and symptoms after surgery, possible risk factors for infection, concomitant ocular disease, use of perioperative prophylactic antibiotics and steroids, culture and antibiotic sensitivity results, treatment regimen, and outcome. In addition, the involved cataract surgeons were sent a questionnaire regarding their cataract surgery practices and any possible break in the aseptic technique.
(REPRINTED) ARCH OPHTHALMOL / VOL 119, DEC 2001 abnormalities, or dry eye syndrome that could potentially predispose to infection. Use of topical steroids 4 times a day for postoperative iritis without antibiotic coverage before referral to us in case 3 was a possible risk factor for the late-onset wound infection.
Our initial treatment for bacterial ulcers was fortified tobramycin sulfate, 15 mg/mL, alternating with cefazolin sodium, 50 mg/mL, every 30 minutes in 3 patients; fortified tobramycin sulfate, 15 mg/mL, alternating with vancomycin hydrochloride, 50 mg/ mL, every 30 minutes in 3 patients; and 0.3% ofloxacin every 30 minutes in 1 patient. Our initial treatment regimen also included topical steroids in 2 patients. The topical antibiotics were then tapered, and topical steroids were added to the regimen of 2 more patients depending on the healing response of the ulcer. Except for patient 3, the patients in all of the cases were admitted to the hospital. Patient 7 was admitted twice as his ulcer flared up after it was almost healed when antibiotic therapy was tapered. All patients healed with topical antibiotics except patient 7 who required lamellar keratectomy with conjunctival flap for complete healing; examination of the superficial corneal specimen of this patient revealed chronically inflamed connective tissue covered by nonkeratinized epithelium resembling normal corneal epithelium. No organisms were seen in the sections.
The median time from the onset of signs and symptoms to the resolution of the infiltrate and formation of peripheral corneal scarring was 56 days (range, 21-224 days). The median length of follow-up was 5 months (range, 1.5 months to 2.3 years). Best-corrected visual acuities of the patients at the last follow-up visit was better than 20/40 in 4 of the 7 cases.
COMMENT
Postcataract surgical infections typically appear as endophthalmitis rather than wound infections. The incidence of endophthalmitis after cataract surgery was recently reported to be 0.082%, but the incidence of wound infections is unknown. [5] [6] [7] When wound infection after cataract surgery occurs, it may be associated with endophthalmitis, but the frequency of this association has not been determined either. 5, 6 There have been some studies on endophthalmitis addressing the incidence of associated wound abscess or necrosis, but these cases of endophthalmitis were not necessarily related to cataract surgery. Their reported incidence ranged from 2.4% to 16%. 4, [8] [9] [10] In the literature, there are limited data on wound infections after cataract surgery. reported a lacrimal conjunctivitis associated with pneumococcal keratitis at the limbal cataract incision. All organisms recovered in our cases were gram-positive bacteria. Methicillin-resistant S aureus was seen in 2 of the 4 culture-proven cases. Other organisms in our study were S epidermidis and S pneumoniae. The sources of microorganisms in clear corneal wound infections are unknown but may be similar to those of endophthalmitis. The primary sources of most organisms in infectious endophthalmitis are the patient's own eyelids and conjunctiva that routinely harbor coagulasenegative staphylococci, S aureus, Propionibacterium acnes, and Streptococcus species. Less common, but potentially important, causes of endophthalmitis are associated with contaminated instruments, lenses, or irrigating solutions, respiratory flora of the operating room personnel, and major breaks in sterile techniques. 11, 12 In our cases, all of the cataract surgeons denied a break in the sterile technique with their patient.
Some of the proposed risk factors for postoperative endophthalmitis are posterior capsule rupture (loss of anatomical barrier, increased surgical time, and the introduction of multiple instruments to the eye), diabetes mellitus, deficits in immune system, preoperative external ocular infections, eyelid abnormalities, chronic dry eye syndrome, and oral and/or topical steroid use. 8, 9, 13, 14 The use of topical steroids is a risk factor also for developing infectious corneal ulcers. 10, 15 In the study with corneoscleral wound infections after cataract surgery by Valenton, 1 predisposing factors were obstructed nasolacrimal duct, airborne contamination of the wound by fungal spores, and defective sterilization of instruments. We could not identify any of these factors except the use of steroids 4 times a day for postoperative iritis without antibiotic coverage before referral in 1 of our patients. In this case, topical steroid use may have predisposed to the late-onset wound infection. However, the anterior chamber reaction may have also been secondary to an unrecognized early wound infection before referral.
The Valenton study also noted that the onset of symptoms generally occurred 1 to 2 weeks after surgery in the staphylococcus, pneumococcus, streptococcus, and pseudomonas infections. 1 In our study, the onset of symptoms ranged from 4 to 60 days after surgery, with a median onset of 10 days.
Rarity of wound infection after cataract surgery might be credited to many factors that render the conjunctival sac relatively sterile such as blinking, tear flow, antimicrobial substances like lysosyme, lactoferrin, ␤-lysin, and the complement system. 16 We have not seen similar wound infections after large-incision extracapsular cataract surgery. The question arises as to whether a clear corneal incision might be more prone to infection than a corneoscleral incision because of lack of vessels in the cornea, greater contamination, or trauma to the small incision by the tightly fitting phacoemulsification probe, or changes in perioperative antibiotics associated with small incisions and topical anesthesia.
The role of perioperative antibiotics in the prevention of wound infections is unknown. Our case series shows that the microorganism recovered was sensitive to the perioperative prophylactic antibiotic (ciprofloxacin) used in 1 of the 4 culture-proven cases; however, the infection still occurred in this case. However, in the other 3 cases, the microorganisms recovered were not susceptible to the perioperative prophylactic antibiotics (fluoroquinolones and tobramycin) used.
The final visual acuity in 4 of our patients was better than 20/40. The limbal location of the corneal infiltrate out of the visual axis is an important reason for the relatively good visual acuity our patients achieved. Our results were not as poor as the results of Valenton 1 who reported a complete loss of the eye in 10 of the 19 cases with corneoscleral wound infection and endophthalmitis. However, hospitalization was necessary in 6 of our 7 patients and additional surgery was indicated in 1 patient.
There are limitations to this small retrospective study. Data are missing in some cases such as culture results of the wound. In addition, potential preoperative risk factors for postoperative infection were not collected systematically.
CONCLUSIONS
Clear corneal wound infection after phacoemulsification is a serious complication of cataract surgery. The keratitis at the wound site may be associated with scleritis and endophthalmitis. Hospital admission of the patient for fortified antibiotic therapy and additional surgery such as lamellar keratectomy and conjunctival flap may be required. Infections are caused by gram-positive organisms. Our data support the use of typical trimethoprimpolymyxin B sulfate and/or bacitracin for perioperative antibiotic prophylaxis.
